OITY
NaBY;

MUHHUCTEPCTBO HAVYKHU U1 BBICIIIET'O OBPA3ROBAHNS POCCUNCKON OEJIEPAIINA
®EJEPAJBHOE 'OCYJAPCTBEHHOE BIOJ’KETHOE
OBPA30OBATEJILHOE YUYPEKJIEHUE BBICIHIEI'O OBPA3OBAHUS
«IOHCKOM 'OCYJAPCTBEHHBIA TEXHUYECKN YHUBEPCUTET»
Ar'TY)

CDaKYJ'IBTeT «MaHII/IHOCTpOI/ITeJ'IBHBIe TCXHOJIOTHMH U 060py,Z[OBaHI/Ie»

Kadenpa «Texnonoruu ¢hopMooOpa3zoBaHus U XyJA0KECTBEHHAs: 00paboTKa MaTepHaioB)

CocraBuTenb: noreHT kadeapsl TOnXOM Ilepna N.A.

Meroanueckue ykazaHus
K KOHTPOJIbHOM paboTe Mo JUCHUTIIUHE
«OCHOBBI TpapruEeCKOro MOJAEITUPOBAHUS

PocroB—na—/ony
2019



1. Tema, nejb H cogep:KaHHE padoThI

Tema paboTel «MoJeTHpOBaHHE THCTOBEIX JeTaleH.

IMens paboTel: IpHOOPETEHHE MIPAKTHYECKHY HABBIKOB TBEPIOTEIBHOIO MOJe-
JTHPOBAHHAA H3JeTHH THCTOIITAMIIOBOYHOT O [IP OH2B0ICTEA CPpecTBaMH [IPH3HAHHEIX
E COBpEMEHHOH HHKEHEePHOH MPAaKTHKE CHCTEM KOMITBIOTEpHOH NOIIep KKH IPOeK-
THPOBAHHA.

Cogep:xaHHe paboTel NpeAyCMaTpPHBAeT CO3JaHHE TEEPIOTEIBHOH MOJETH
IITaMIIOBAaHHOH THCTOBOH IeTanH «Kopmyc» c snemeHTaMH «@iaaHem», «OTBep-
ctHe», «KoceIHKa», «/KanwzH» (pHC. 1) H IOCTpOEHHE ee pa3BepTKH B cpene «JIH-
cToBasd aeranb» cHcTeMbl Solid Edge ¢ cHHEXpoHHOH TeXHOIoTHeH [1].
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Puc. 1. IlltamMnoeaHHad THCTOBAA JAeTalns «Kopmyer



2. HcxoaHbBIE TAHHBIE H 331390 padoThI

HcxoaHele JaHHBIE VEA3aHbl Ha pHC. 1 H B Ta0IHIEe 114 ABadllaTH BAPHAHTOB
3aJaHHH OVKBeHHBIMH 0 003Ha9eHHAMH H COOTBETCTBYOIITHMH HM pa3sMepaMH JeTaTH
«Kopmyve». Homep N BapHaHTa 3aJaHHA COOTBEICTBYET MOPAIKOBOMY HOMEPV
CTYAEeHTa B O(HITHATREHOM CITHCKE TPVIIIEl Ha Hadado yie0HOTO ceMecTpa.

Panuycel R cruH0a H ckpyIrieHHd pebep IeTanH, IVAHCOHOE H MATPHIL, a Takke
ITHPHHA H ITY0HHA Ia30B PasIPY3KH KPOMOK cTHOa 1714 BceX (uIaHIICE MpHHHMAKT-
¢ OJIHHAKOBEIMHHA 0,5+1.0 MM §onbIne 3aJaHHOH TOMIIHHEl MaTepHaia S HCXOI-
HOH THCTOBOH 3arOTOBKH JIeTATH.

Tabmuma
PazMepEl JeTand 0o HoMepaMm N BapHAaHTOR 3aJaHHH, MM
N|S|A|B|Cla|b|d\H| I |k|lg|\m|n |D| H|T|t
I [10]100| 65| 56| 6 |20 6| & | 36206 | 70| 50 (14| 3022 |11 |12
2 |1,0[105| 69 | 60 | 6 [20] 6 | 8 | 40 |22 |6 | 75| 55 | 143224121
3 (10110 72| 63 | 7 |22 6| 9| 44 [24|6 | B0 |60 |15]|34]26| 13|14
4 101115 76 | 67 | 7 |22 6 | 9| 48 |26 |6 | 85 | 65 | 15| 36|28 | 14 | 15
J 15120 80 | 71| & |24 | & | 10| 32 |28 |6 | 90| 70O | 16| 3830|1516
6 | 15125 84 | 75| 8 |24 | &8 | 10| 36 |30 |6 | 95| 75 |16| 403216 |17
7115|130 88 | 79| 9 |26 & [ 11| 60 |32 |6 |100| 80 |17 | 42(34|17 |18
§ | 15135 92 | 83 | 9 | 26| 8 | 11| 64 |34 |6 | 105 85 [ 17| 44|36 | 18 |19
9 (20140 96 | 87 |10 |28 | 10| 12| 68 |36 |6 | 110 90 | 18| 46| 38| 19|20
10201451100 91 [ 10|28 |10 12| 72 |38 |6 |114| 95 | 18| 48| 40| 20|21
11120150104 95 (11 (30| 10| 13| 76 |40 |8 | 118|100 | 19| 5042|2122
[2 120155108 | 99 |11 (30| 10| 13| 80 |42 |8§ | 122|105 | 19| 52|44 22|23
13 125160114 [ 105| 12 |32 (12| 14| 84 |44 |8 | 126|110 | 20| 55|46 |23 |25
14 125|165 | 11810912 |32 (12| 14| 88 |46 |8 |132|115| 20| 57|48 |24 |26
I5 (251701122 | 113 |13 |34 | 12| 15| 92 |48 |8 | 136120 21| 59|50 | 25|27
16 |25 | 175 126 | 117 | 13 |34 |12 | 15| 96 |50 |8 | 140125 21| 61 |32 | 26 | 28
I7 30180130121 |14 |36 | 16| 16| 100 |52 |8 | 144130 22| 64| 34|27 |29
I8 |30 185|134 | 12514 |36 | 16| 16| 104 |54 |8 |148|135|22| 66| 36 | 28 | 30
19130190 | 138 12915 |38 16| 17| 108|356 |8 |152]|140| 23| 68| 38 |29 |31
20130195142 13315 |38 16| 17| 112 |58 |8 |156|145| 23| 70| 60 | 30|32
3ana4qH padoTsl:

1. mMoaemrHpoBaHHE QIAHIIER;

2. MOJeTHpOBAHHE OTBEPCTHH BO (UIaHIAX H CTEHKAX;

3. MOJIESTHPOBAHHE PA3BEPTKH ISTATH;

4. MOJIEeTHPOBAaHHE KOCEIHOK Ha pebpax COMpAXEHHA THA CO CTEHKAMH,

5. MOJIeTHpOBaHHE KATK3H Ha JTHE JeTalH.




3. MeToAHKA BBLINOJHEHHA PadoThI

Pa0oTa BHIIONIHAETCS PellleHHeM IIOCTABISHHEIX 23a71ad B HOPAIKe HX [epedHc-
neHHs. MeToIbl IOCTPOSHHA TBep JOTeIBHEIX MO JeeH THCTOBEIX JeTalleH ¢ 31eMeH-
TaMH «@raHell», «OTBepcTHe», «KocklHKa» H « KamwsH» B cHeTeMe Solid Edge c
CHHXPOHHOH TeXHOIOTHeH paccMaTpHBAOTCH HA JEKIHAX H H3IararTcd Ha IeK-
TPOHHEIX pecypcax, VKa3aHHBIX B [lepedHe PeKOMeHIVeMBIX HCTOYHHKOE [1.2].

3anvck MpoeKTa JHCTOBOH JeTalH BRIMNOIHAEM KHOINKOH * _ Ha pﬂﬁﬂ‘le}i cToIe

cHcTeMBl Solid Edge ¢ cHHXpOHHOH TeXHOIOTHeH ¢ co3JaHHeM HOBOTO JOKVMEHTA B
cpene «JIHCTOBAA JeTalb» IIoCTIe BEIOOpa MPHIOKEHH:

= ECKA mm JlucroRan getans

HacTp ofiKH Ip0eKTa BBITIOIHAEM B CIeAVIONIeH MO CTeI0BaTeIBHOCTH.
KIHKOM IIpapo KIaBHITH MBIIIH II0 CTPOKe «MaTepHaT» B HapHratope

MaTepwan [CTane 08nc TOCT 10702
il
| | TNaBHBIE GAZ0ELIE MAOCKOCTI

OTKpBIBaeM OKHO « TabnHIla MaTepHAaIOB», B KOTOPOM BEIOHpasM MapKy H CBOHCTBA
MaTepHala 114 THCTOBOH [3 | ZeTanH B 3aknaake « CBOHCTBa MaTepHaTa»

""" - Crans 08 TOCT 10702-78 MaoTHocTe 7850,000 kr/m"3
----- ©- Crane 08en MOCT 10702-73

_____ o= Kozd. Tenn. paclunpenna 00000 /C

----- ©- Crane 10 FOCT 10702-78 TennonpoBogHoCTE 0,000 kBr/m-C
:: EE;: ::?2 Fggi ::g;g;;: ¥peneHanA TENNOEMKDCTE 0,000 M wer-C
----- @- Crans 12XH MOCT 10702-78 Mogyne ynpyrocTi 203000,005 MMa

----- ©- Crane 12¥XH3ATOCT 10702-7E
----- ©- Crane 15 TOCT 10702-78

----- e- Crane 15 TOCT 10702-78 Mpeaen TexyuecTn 175,000 MIa
----- ©- Crane 15«n TOCT 10702-78
----- ©- Ctane 15nc TOCT 10702-78
_____ o- Crans 15¥ MOCT 1070278 OTHOCMTENBHOE YANWHEHWE Ta 0,000

Yuecneo Myaccona 0,000

Mpegen npodYHocTH 310,000 MMa

TOJMIITHHY JTHCTA, TTYOHHY H IIHPHHY [Ia30B Pasrpy3KH KPOMOK crH6a QrIaHIeE H KO-
3G dHIHEHT ITaCTHYHOH 30HEI 1714 Pa3BEPTKH B 3aKTaIKe «ATPHOVTEI THIIAY

MapameTtpel
TomuwmHa nucta: 1,00 vm *  [nyGwna pasrpysin: 2,00 mm - %““r
-¥
Pamayc crimba: 2,00 ram - WipwHa pasrpystaa: 2,00 ram - }%,

YpaEHeHWE pasBEEpTHI
@ CranpapmHoe (oM. Cnpasoudyio cucTemy)

(@ KosheUMeEHT NNACTUYHON S0HE! k| -



HcxogHoe Teno MOJETH THCTOBOH JeTalH co3ziaeM (HrypHeIM (raxmem I1-
o0pasHoro npodHd (pHC. 2a). Ero nmocTpoeHHe o0ecedHBaeT HHCTpVMeHT « DIaHell

GHIVPHBIHD — U e rpyime «J/IHcToBas AeTalsy. [ OpHIOHTAIEHEIH H Bep THEATBHEIE
OTpe3KH Npo(HIL ¢ 3aJaHHBIMH pazMepaMH GOpPMHPVIOT IHO ¢ epenHeH H 3anHeHd
CTeHKaMH MOJeTH (pHC. 20). MaTepHal THCTa pa3MellaeM BHYTPH npodHIA (cTpen-
Ka Ha PHC. 2a). 3aIaHHYIO IMHPHHY (1aHna o0eciedHBaeM CHMMeTPHIHEM [1I0CTpoe-
HHEM €0 OTHOCHTEIBHO IUIOCKOCTH Y Z (pHC. 20).

PHc. 2. TT-00pazHeld npodHis (a) H QHrypHEIH dQraaHen (0)
HCXOJHOTO Tella MOJelH

ITpaesle duiaHIEl NepeHeH CTEHKH H JHA MOJEIH cO3JaeM I10 3aJaHHEIM pa3-
MepaM IpodHTeH 3THX 31eMeHToE (pHC. 3).

' a) <3 5)

PHc. 3. [TocTpoeHHe MpaBbIX (rIaHIEE NepeIHEH CTEHKH (a) H IHa (0) MOJSTH



TTocTpoeHHE BRINOIHAEM HHCIPYMeHTOM «DIaHeIn — " rpyime «JIHCToBad

JeTanby». PekHM cMelleHHA (QIaHIEB IIPHHHMAeM HakKaTHEM KHOIIKH b «drma-
Hell CHAPVKH» B COOTBETCTBHH C pHC. 1.

4
Bce oTBepcTHA B MOJETH CO3JaeM HHCIpyMeHTOM «Beipes» — = HocTym K

HEMY OTKpPBIBAET KHOIIKA 12 _ «OTBepCcTHe» B IPVIIIE «JIHCTORAA IeTaIb».
OteepcTHA B npaeslx QuaaHnax (pHC. 4) CTPOHM ¢ HATOXKEHHEM CBAZCH MeXIV
[eHTPaMH OTBEPCTHH H [IEHTPaMH CBOOOIHEIX KPOMOK (DIaHIIEER».
Jleppie QuaHIBl co3aeM C OTBEPCTHAMH 3€pKalbHBIM OTpPaXKeHHEM OTHOCH-
TeIBHO ILTOCKOCTH Y Z IpaBbIX (UIaHIER C OTBEPCTHAMH (pHC. 5).
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PHc. 4. [locTpoeHHe OTBepCTHHBIIpaBeIx  PHc. 5. [locTpoeHHe IeBHIX QIaHIIER C
d1aHIaxX MOIETH OTBEPCTHAMH 3€PKATBHEIM OTPaKEHHEM

Kpvrisle oTBepCTHA B CTEHKAX MOJIETH CO3/1aeM CKBO3HEIM BEIPE30M Ha OCHOBE
mpo @I, pasMeNIeHHOr 0 Ha IIepeIHeH CTeHKe (PHC. 6), C HATOKEHHEM CBA3H MEKIY
HEHTPOM NpodHTIA H KOOPIHHATHOH INTOCKOCTBEO Y Z.

TpanenHeBHIHbIE OTBEPCTHA B CTEHKE MOJIEIH CO3JaeM KPYTOBEIM MaCCHBOM.
ITpodHns 6a30BOTO 37IeMeHTa MacCHBA (PHC. 7) CTPOHM ¢ HATOKCHHEM CBA3CH MeX-
OV UeHTPaMH TOPH30HTATBHEIX OTPE3KOE H LEHTPOM KPYITIOTO OTBEPCTHA B CTEHEKE.
KpyroeoH MaccHE TpalellHeBHIHBIX OTBEPCTHH (pHC. 8) CTPOHM ¢ OTKIHYEHHEM

| e |
A

HIZKHETO YIEMEHTa KHOMKOH | *+* | — « OTKIIOYHTS JEMEHThI» B aTPHOYTax MAacCHBA.
OTBepcTHA B IHE MOJETH CO3JaeM MPAMOYTOIbHEIM MacCHBOM. ba30oBEIH 371e-
MEHT MacCHBa (pHC. 9) CTpOHM C 3aJaHHBIMH 3Ha4eHHAMH OTCTYIIOB OT KOOpIHHAT-
HOH IUTOCKOCTH Y Z H 3aIHeH CTeHKH MOoJeTH. [IpAMOVIOIbHBIH MaCCHE OTBEPCTHH B
IHe MoJenH (pHc. 10) cTpoHM IT0 3aJaHHEIM I714 HeTO pasMepaM ITHHBI H ITHPHHEI.




=

PHc. 6. IIpodHIE CKBOZHOTO KPVITIOTO
OTBepCTHA B lepeIHeH H 3a1HeH CTeHKax

ot

PHc. 8. ITpodH1E §a30BOTO 3TIeMEHTA
MaCCHBA OTBEPCTHH B JHE MOJETH

PHc. 7. ITpodHis 6a20BOT0 371eMeHTa
MaCCHBA TPAlEI[HEBHIHBIX OTBEePCTHH

PHc. 9. IIpAMOVIOIBHBIH MaCCHE
OTBEPCTHH B JHE MOJETH

PaspepTKa THCTOBOH JeTaTH «KopIyc BeHTHIATOPa» co3JaeTcs B JaHHOH ToUKe
MOJIeTTHPOBaHHA Nlepe] NOCTPOeHHeM KOCBIHOK H JKaTi03H, TaK KakK 114 HHX [oIyde-
HHe pa3BepTKH He MpeaycMaTpHeaeTcd. [TocTpoeHHe pa3BepTKH BEIIIOIHAEM B cle-

ﬂ}’l—Dﬂ]E‘fI MoCIeTOBATEIRHOCTH:

v

1. B rpymme «JIHCTOBAaA JeTatb» BEIOHpAeM omepartHro «CrHO o THHHH: — '+ H
B HeH NIPHHHMAaeM PeXHM «PazoTHYThY;

bJ

B ow

BEIOHpaeM ILTOCKOCTh Pa3BepTKH 10 BepXHeH I'paHH IHa MOJelH (pHCe. 10):
BEIOHpaeM H30THYThIE 3IeMeHThl H KoMaHIy «Paz0rayTe» (pHe. 10);
. paspabaTelBaeM Yep TeKHBIH BHI Pa3BepTKH JeTalH « KopIye» co BCeMH He-

IIOTHHTEIBHEIMH pa3MepaMH (pHc. 11).
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PHc. 11. YepTelkHBIH BHI pazBepTKH JeTalH «Kopiye»



KoOCEIHKH HA cTHOAX JHA H CTeHOK (pHe. 12) cozaaeM HHCTPYMEHTOM «KOCEIH-

EKa». JOCTVII K HEMY OTEPBIBAET KHOIIKA \:I HaOopa omepanuid «PHQT» B IpyIIe
«JIHCTOBaA IeTansy. [Io/10KeHHe KOCBIHOK 3a1aeM OTCTYIIOM HX OCeH CHMMeTPHH OT
Kpad crHOa (pHC. 12a) 10 COBMENIeHH 3THX 0CeH C KOOPAHHATHOH IVTOCKOCTRIO Y Z.
B aTpHOYTax KOCBIHOK (pHC. 120) 2a1aeM 3HaYeHHS HX [IHPHHEI H ITTY0OHHE] H IPH-
HATEIX PaJHyCOB CKPYITIEHHA pebep H palHyCOB IIyaHCOHA H MaTPHIIEL.

JKanro3H Ha IHe IeTalH (pHe. 13) MOIeTHpYeM MacCHEOM H3 TPEX 311eMeHTOB.
Baz0BbIH 37IeMeHT MacCHEa CTPOHM HHCTP VMEHTOM «JKamo3H», TOCTVII K KOTOPOMY

OTEPBIBAET KHOIIKA \:I Habopa omnepauHi « PHOD» B rpyine «JIHCTOBaA IeTalby.

[potvne KOCRIHKKA FopMa KOCEIHKKA
p ") MNonesoBaTenscrmii ") CpyrneHHan
'f--‘!_.,' : i @) ABTOMATHYECKMA @ MMpaman
; [myGuHa: Pammyc:
L 3 8,00 rm - 2,00 rana -
Ve st oy “-.-. L 1 ¥
L i u ;’; - 0 \. S Crpyrneque
1l N : | EHMioUMTE CHOYTNEHWE Yron yinoxa:
T i = ., . |
= | b p _.;"--H}__..-f'“ Papwyc nyaHcoHa: 0.00 * -
O | 200Mm v
A £ Pamye MaTDALE! (Wpwana:
o | ' 8,00 rm -
) 2,00 ram -
| a) 0)

Puc. 12. PaszMemeHHe H aTpHOYTEI KOCEIHOK Ha CTHOaxX JHA H CTEHOK

MapameTpel Xanosm

@ BeiTArMBEHWE BOKOBKMH =

) MNoppesanve BoKoEWH Lol

: Crpyrnerme
+ = j r L T
b - _ # ke BrnioudTe cKpyrneHue
- Pamiyc matpuus:: 1,50 mam -
a) 6)

Puc. 13. PazMemeHHe H aTPHOYTEI 37MEMEHTOB JKATIO3H Ha JHE IeTATH



JIaHHIO mpocedkH 6a30BOr0 371eMeHTa MacCHBa (pHc. 13a) cTpoHM Ha BepXHeH
TpaHH JHA OTPe3KOM, CHMMeTPHIHBIM KOOPIHHATHOH ITTOCKOCTH Y Z, CO CMEMIeHHEM
ero K 3aJHeH CTeHKe MOJETH Ha 3aJaHHYK BEIHYHHY [Iara 371€MeHTOB B MacCHBE.
JUTHHY THHHH IIPOCEYKH, ITHPHHY H BEICOTY 37IeMEHTa [IPHHHMAEM 10 JAHHEIM PHC.
1 H TabnHmEl. B atpHOyTax :&Kantw3H (pHe. 1306) ykassiBaeM cmocod HX GopMHpOBa-
HHA (BBITATHBAHHEM 0OOKOBHH) H 3aJaeM palHyC CKPVITIeHHA MaTPHIIBI.

PesvasTaTel H BBIBOIBL: IIOIVIEHHEIE B paldoTe peMeHHeM ITIOCTABIEHHEIX 381a4
TBEePIOTEIRHAA MOJSTE (PHC. 13) H 4epTE/KHEIH BHI pa3BepTKH (pHC. 11) mTaMIo-
BAHHOH THCTOBOH JeTatH « Kopyey o0ecledHBAT e¢ 3eKTPOHHO OITHCAHHE B CO-
OTBETCTBHH C 3aJaHHRIMH dopMaMH (pHC. 1) H pazMepaMH (Ta0IHIIA) 37TeMeHTOB.

4. TpeOGoBraHHA K 0QOPMIEHHID 0TY€TA

Otder nmo paGote odopmiadgercd B TeKCTOBOM penakrope Word mpudTOM
«Times New Roman» ¢ pazmepoM 14 1T ¢ NOIYTOPHEM HHTepEaIoM. @opmar 6yma-
TH— A4. AG3an— 1,25 ey [Tong cTpaHHIEL: BepXHee — 2.0 oM, HEDKHee — 2.5 CM, JIe-
Boe — 2.5 cM., mpagoe — 1.5 oM, nepernet — 0.

OT4eT JOMKEH COJepiKaTE CIeOVIOMHe 0043aTeIbHEIE MAaTEPHAEL.

1. Tema, nens H 3a1a49H paldOTHL

2. McxoaHBIE JaHHBIE C 3CKH30M JETalH «KOPIYC BEHTHIATOpa» H TaOIHIIEH
pasMepPOB ee JMEMEHTOB 114 HCIIOTHAEMOI 0 BApHAHTA 3aJaHHI paboTHI.

3. Mz00paxeHHa okoH pabodeH cpeasl «JIHCTOBaA JAeTalb», COOTBETCTBVIOIIHE
IPHBEICHHEIM B JaHHOH METOJHKE PHCYHKAM, MOACHAKONIHM HACTPOHKH MpOEeKTa
ZleTalH, BbI0Op aTpHOYTOB PealTH3yeMBIX OepallHH H MOPAI0K MOCTPOeHHd IpodH-
JIeH ¢ pa3MepaMH H CBA3AMH 714 KakKI0T0 MOJSTHPYEMOTO 371eMeHTa JeTalH.

4. UepTe:kHBIH BHI Pa3BepTKH JeTalH « KOpIyc» CO BCEMH HCIOIHHTEIbHBIMH
pasMepamH.

5. PesyIeTarel H BEIBOIBI 110 padoTe.
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